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(54) A method for manufacturing 
a taper spring 

(57) A taper spring is manufactured 
by rolling a blank (B) in a single- 
spindle planetary rolling mill (10) 
having a vertically adjustable upper 
roll (11) and a planetary lower roll 
(1 2), while applying predetermined 
longitudinal tension to the blank (B) 
by a drawing chuck (18). A pair of 
feed rolls (16) provide feeding and 
braking forces and are preceded by 
a pair of edge rolls (20) defining 
the width of the material. The upper 
roll is controlled by a microcompu- 
ter to generate a desired taper pro- 
file to the blank. 
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SPECIFICATION 

A method for manufacturing a taper spring 

5 This invention relates to a method for manu- 
facturing a taper spring such as a leaf spring 
used for a vehicle suspension apparatus. 

The leaf spring of this type is so con- 
structed that the central portion and end por- 

10 tions are coupled to the axle and car body 
sides, respectively, thereby sustaining load 
across the thickness of the spring. In order to 
unformalize the stress on parts along the 
longitudinal direction for the lightness of the 
'15 car body, therefore, the leaf spring includes 
taper portions with their thicknesses varying 
along the length. 

A taper spring A as illustrated in figs. 1 A 
and 1 B has a substantially fixed width w 

20 throughout its overall length /. Taper portions 
3 are formed respectively on both longitudinal 
sides of a central flat portion 1 where thick- 
ness t is the greatest, first connecting portions 
2 being interposed between the flat portion 1 

25 and their corresponding taper portions 3. The 
taper portions 3 have their thickness t de- 
creased toward each end portion, adjoined to 
somewhat thickened flat end portions 4 by 
second connecting portions 5. Each second 

30 connecting portion 5 includes a flat portion 6 
with a minimum thickness and adjoining each 
corresponding taper portion 3 and a taper 
portion 7 thickened increasingly toward the 
end portion 4 and adjoining each correspond- 

35 ing flat portion 6 and end portion 4. 

Although the taper spring A of the afore- 
mentioned construction may be formed also 
by cutting or forging, rolling is generally used 
in view of productivity and cost. However, in 

40 the method of rolling by means of a conven- 
tional two- or four-step rolling mill, the spring 
width is considerably increased by rolling, so 
that there is required another process for 
previously narrowing the spring width or cut- 

45 ting off waste portions after rolling. On the 
other hand, if small-diameter rolls are used for 
rolling to minimize the increase of the spring 
width, then the rolling frequency must be 
increased because of the rolls' limited de- 

50 pressing distance. Either way, the number of 
processes required would be increased to 
cause a reduction in productivity as well as an 
increase in cost. 

Accordingly, the object of this invention is 

55 to provide a method for manufacturing a taper 
spring capable of efficiently rolling a taper 
spring of desired shape in a single pass with- 
out involving any substantial increase in the 
width of the spring. 

60 A method for manufacturing a taper spring 
acording to one aspect of the invention is 
characterized in that rolling is achieved by 
means of a planetary rolling mill while apply- 
ing predetermined longitudinal tension to a 
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This invention can be more fully understood 
from the following detailed description when 
taken in conjunction with the accompanying 
drawings, in which:- 
70 Figures 1A and 1B are side and plan views 
of an example of a conventional taper spring, 
respectively; 

Figure 2 is a schematic side view of an 
apparatus used for the method of manufactur- 
75 ing a taper spring according to an embodi- 
ment of this invention; 

Figure 3 is an enlarged schematic view of a 
planetary rolling mill of the apparatus of Fig. 
2; 

80 Figure 4 shows the relationship between 
the depressing distance of an upper roll and 
the incremental width of the spring; 

Figure 5 shows the relationship between 
the depressing distance of feed rolls and the * 

85 tractive force applied; 

Figure 6A is a sectional view of a taper 
spring formed by the method of the embodi- 
ment, provided the tractive force is not ap- 
plied; and 

90 Figure 6B is a sectional view of a taper 
spring formed by the method of the embodi- 
ment. 

Now there will be described a method for 
manufacturing a taper spring according to an 
95 embodiment of this invention with reference 
to the accompanying drawings. 

Referring now to the drawing of Fig. 2, 
there is shown a single-spindle plantetary roll- 
ing mill 10 of a conventional type including 

I 00 an upper roll 1 1 mounted for vertical adjust- 

ment with respect to a frame (not shown) and 
a rotatably supported plantary roll 12. The 
upper roll 11 is so constructed that its vertical 
position may be controlled by a lifting device 

105 13 such as a hydraulic cylinder. The planetary 
roll 1 2 is composed of a main roll 14 and a 
plurality of satellite rolls 1 5 arranged at regu- 
lar intervals round the main roll 14. When the 
main roll 14 is rotated in the direction of 

1 10 arrow a, as shown in Fig. 3, The satellite rolls 
1 5 in rotational contact with the main roll 1 4 
turn on their own axes in the direction of 
arrow band revolve round the main roll 14 in 
the direction of arrow cso as to roll a spring 

I I 5 material B interposed between the satellite 

rolls 1 5 and the upper roll 1 1 . On the inlet 
side of the rolling mill 10 are a pair of feed 
rolls 1 6 in rotational contact with both sides 
of the material B across its thickness. On the 
1 20 outlet side of the rolling mill 10 are a detector 

I 7 disposed in close vicinity to the upper roll 

I I and a drawing chuck 1 8 capable of reci- 
procating along the feed direction of a taper 
spring A. 

125 The device 13, main roll 1 1, feed rolls 16 
and the drawing chuck 1 8 are so constructed 
as to be driven or controlled in accordance 
with control signals such as pulse signals 
delivered from a control device 21 . The con- 

130 trol device 21, including a microcomputer 
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with suitable storing capability, is supplied 
with output signals of a position detecting 
means 19 for the drawing chuck 18 (e.g., a 
driving mechanism for driving the drawing 
5 chuck or a means attached to the chuck itself 
and producing pulse signals corresponding to 
the shifting distance) and the detector 1 7. The 
microcomputer stores data on the correlation 
between the length and thickness of the taper 

10 spring A, data on the characteristics of the 
rolling mill 10 (e.g., data on the correction of 
the lift of the upper roll 1 1 corresponding to 
the extension of the frame of the rolling mill 
and to the thermal expansion of the upper roll 

1 5 1 and the planetary roll 1 2), data on the 

correction of the drawing distance accompany- 
ing the cooling of the taper spring during the 
rolling process, and other various data re- 
quired and processing programs therefor. The 

20 microcomputer is so designed that the taper 
spring A may be automatically rolled in accor- 
dance with the aforesaid various detection 
data. 

Now there will be described a method for 

25 rolling the taper spring A by means of the 
apparatus of the aforementioned construction. 

The spring material B, which is a strip with 
a rectangular section of prescribed dimen- 
sions, is heated to a predetermined tempera- 

30 ture in a heating furnace, and then nipped 
between the pair of feed rolls 1 6 and thereby 
positively fed to the rolling mill 10. In the 
rolling mill 10, the spring material B fed from 
the inlet side is rolled between the upper roll 

35 11 and the planetary roll 1 2. When an end 
portion 4 of the rolled taper spring A has 
reached a predetermined position, the draw- 
ing chuck 18 clamps the end portion 4 in 
response to the output signal of the detector 

40 17. Also in response to an output signal, the 
feed rolls 1 6 depress the material through 
such a depressing distance as to provide a 
predetermined tractive force. Further the feed 
rolls 16 are allowed to rotate independently of 

45 the driving shaft by a one-way clutch or an 
electromagnetic clutch released in response to 
the same output signal. In this state, the 
drawing chuck 1 8 pulls the spring A in the 
direction of arrow d, so that the spring mate- 

50 rial B is subjected to predetermined longitudi- 
nal tension between the drawing chuck 1 8 
and the feed rolls 16. Thus, taper rolling is 
started in accordance with the drawing sped 
of the drawing chuck 18. 

55 In order to obtain the thickness required for 
the taper leaf spring, as shown in Fig. 1, the 
roll lifting device is given an order in accor- 
dance with a set gradient previously desig- 
nated in the microcomputer on the basis of 

60 the output signal of the detecting means 19 
for the drawing chuck shifting distance, so 
that the lift is moved correspondingly to rolled 
material lengths I,, l 2 and l 3 . Moreover, the 
previously determined characteristics of the 

65 rolled material (thickness correction function 



based on the extension of the frame compared 
with the depressing distance, and correction 
functions of the roll diameter changes due to 
thermal expansion or the thermally contracted 

70 length attributable to the cooling of the rolled 
material) are stored in the microcomputer, 
thereby enabling entirely automatic correction. 

In the rolling mill 10, the rolling operation 
is performed by the upper roll 1 1 and the 

75 small diameter satellite rolls 15. Since the 
satellite rolls 15 with their small outside diam- 
eter are successively brought into rotational 
contact with the spring material B with a 
small depressing distance per roll, the in- 

80 crease of the material width may be substan- 
tially reduced. Furthermore, since the satellite 
rolls 1 5 are rotated in contact with the main 
roll 14 to partake of a planetary motion, the 
taper spring A will not be fed by the rolling 

85 operation. As stated above, however, the ta- 
per spring A is subjected to a predetermined 
tension through the drawing chuck 18, so 
that it is moved in the longitudinal direction 
as it is rolled. Owing to the tension applied to 

90 the taper spring A, the increase of the mate- 
rial width is very limited as compared with the 
case where the spring material is pushed 
between non-planetary rolls by means of feed 
rolls only. 

95 In Fig. 4, a full line E indicates a change of 
the incremental width of the spring material of 
1 1 mm and 16 mm thicknesses with varying 
depressing distance H where the planetary roll 
is provided with 8 satellite rolls with the 

100 outside diameter of 60 mm, the outside diam- 
eter of the feed rolls is 205 mm, the speed at 
the outlet of the rolling mill is 10 m/min, and 
the tractive force is 3.8 to 4.4 tons. Here the 
depressing distance H is the difference be- 

105 tween the original thickness of the spring 

material and the thickness at the outlet of the 
rolling mill, including the depressing distance 
(t) provided by the feed rolls 16. The depress- 
ing distance (t) of the feed rolls 1 6 has a 

110 relationship with the tractive force of the 
drawing chuck 18 as shown in Fig. 5. The 
incremental width 8 is the difference between 
the original width of the spring material and 
the width at the outlet of the rolling mill. 

1 1 5 Circles (0) and crosses (X) represent examples 
for the thicknesses of 1 1 mm and 1 6 mm, 
respectively. 

In Fig. 4, a broken line F indicates similar 
data to those indicated by the line E but 

120 relating to the push system in which no 

tractive force is applied, while a chain line G 
represents data for the incremental width ob- 
tained in accordance with a conventional two- 
step roll push system. 

125 As may be seen from the graph of Fig. 4, 
the incremental width 5 for the depressing 
distance H of 6 mm is only about 0.5 mm 
according to the method of this invention 
(represented by full line E), whereas it is 

130 respectively about 3 mm and 0.8 mm accord- 
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ing to the comparative methods (represented 
by chain line G and broken line F), which is 
approximately 6 and 1 .6 times the width 
provided by the method of this invention, 
5 respectively. The differences of the width be- 
tween the method of the invention and the 
comparative methods will be further increased 
if the depressing distance H is set at 8 mm. 
The taper spring A rolled by the planetary 

1 0 roll method without traction has a sharp- 
edged bottom 8 on the planetary roll side, as 
shown in the sectional view of Fig. 6A. If 
tractive force is applied in rolling, then the 
sharpness of the edges will be reduced as 

15 shown in Fig. 6B. Thus, the fatique resistance 
of the spring will be improved as compared 
with the case of the planetary roll method 
using no tractive force. 

Since the vertical position of the upper roll 

20 1 1 can be automatically controlled in connec- 
tion with the shifting distance of the drawing 
chuck 18, thereby automatically correcting 
influences of distortions of several parts, a 
desired taper spring with correct shape and 

25 dimensions may be produced efficiently. 

Initially, before the start of rolling in the 
mill 10, the spring material B is nipped be- 
tween the feed rolls without being subjected 
to the tensile force of the drawing chuck 1 8, 

30 and thereby fed to the rolling mill 10. Accord- 
ingly, the increase in width of a leading 
portion of the taper spring will be relatively 
large. In order to prevent this for the improve- 
ment of product yield, there are provided (as 

35 shown in Fig. 2) a pair of edge rolls 20 on the 
inlet side of the rolling mill 10 and in rota- 
tional contact with both transverse sides of 
the spring material B, and the leading portion 
of the spring material B is initially rolled to a 

40 lesser width by suitably setting the space 
between the edge rolls 20. Moreover, the 
space between the edge rolls 20 may conveni- 
ently be controlled in accordance with a con- 
trol signal delivered from the control device. 

45 

CLAIMS 

1 . A method for manufacturing a taper 
spring by rolling a material to varying thick- 
nesses, the rolling being, achieved by means 

50 of a planetary rolling mill while applying pre- 
determined longitudinal tension to the mate- 
rial. 

2. A method according to Claim 1, 
wherein the predetermined tension is applied 

55 by drawing the material in the rolling direction 
by a drawing means at the outlet side of the 
rolling mill and giving a pair of feed rolls at 
the inlet side a depressing distance dependent 
on the predetermined tension. 

60 3. A method according to Claim 1 or 
Claim 2, wherein the planetary rolling mill 
includes an upper roll capable of vertical ad- 
justment, a main roll below the upper roll, 
and a plurality of satellite rolls arranged round 

65 the main roll. 



4. A method according to any one of 
Claims 1 to 3, wherein a pair of edge rolls are 
disposed at the inlet side of the rolling mill, 
the edge rolls being pressed to respective 

70 sides of the material, thereby defining the 
width of the material. 

5. A method for manufacturing a taper 
spring, substantially as hereinbefore described 
with reference to the accompanying drawings. 
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